sis. This led to preliminary tests on the preparation of leaf samples for analysis. Several methods of washing were compared, and these were found to influence the apparent concentration of some of the elements present in small amounts. Total iron was found to be consistently lower in chlorotic leaves than in green leaves when both were carefully cleansed.
This report is concerned with the mineral composition of leaves from orange trees affected with this particular type of acid-soil chlorosis, and it gives certain information about sample preparation.
Materials and methods
Preliminary tests showed that, at least for the macro-nutrient elements, only minor variations in composition existed among the several leaves produced on a twig when a flush of growth occurred. This finding afforded an easy means of preparing several samples of whole leaves having almost identical composition. A number of twigs were harvested and samples were prepared in such a way that each twig contributed one leaf to each sample. By selecting twigs with leaves of uniform size, 6 to 8 reasonably identical samples were prepared for comparison of different washing treatments.
The washing treatments used were: (1) Wiped with moistened cheesecloth, (2) scrubbed with a fiber-bristled hand-brush in tap water, (3) scrubbed in 0.3N HCI, (4) scrubbed in a detergent1 solution for different lengths of time, and (5) scrubbed in a detergent solution that was acidulated to 0.3N with HCl. All washing solutions were made with tap water.
Each sample was rinsed in running tap water and in four separate distilled water baths. The drying, grinding (in a semi-micro Wiley mill equipped with a nickel-coated screen), storage, and analysis were all carried out as previously described (13, 14 Results and discussion Iron was assumed to be a general surface contaminant and was used as an indicator of efficacy of washing in initial tests. Since nearly all citrus leaves have on them visible dust particles, no samples were analyzed without some washing treatment. One of the initial tests was to take twigs of growth from a mature seedling orange tree that appeared to be "normal" and form samples as described above. Duplicate samples were scrubbed with tap water, in 0.3N HC1, and in Dreft suds. The following total iron values were found respectively: 125, 155; 61.4, 62.8; and 47.5, 46.9 p.p.m. The detergent wash seemed somewhat superior to the acid wash and both were effective in greatly lowering the apparent iron concentration in the leaves. Since these values were lower than most of the published values for healthy leaves of tree crops, it was felt worthwhile to repeat the test on leaves that showed the iron-chlorosis pattern, taken from trees on very acid soil. In addition to the three treatments just described, one sample was wiped carefully with water-moistened cheesecloth, and two additional periods of detergent washing were included. The same strength of detergent wash was used for all three periods. One set of severely chlorotic, one set of mildly chlorotic, and two sets of green samples were taken from trees all in a small area of an orchard (Hamlin orange on Rough lemon roots). The leaves were mature when collected in December 1946. Table  I shows the results, which are not entirely consistent. Scrubbing in water seems to have removed a larger proportion of the surface contamination from green leaves than from chlorotic ones. The acid wash was not superior to water alone on the green leaves, but appeared to be so on the chlorotic leaves. The detergent-washed leaves tended to become slightly lower in iron content with prolonged washing; but did not differ from each other significantly. This would indicate that the leaching out of internal leaf-iron was probably not a factor in these tests. The correspondence between the degree of greenness and total Fe content of the detergentwashed samples is striking. identical to that of Fe. Copper likewise was lower in the leaves that were washed with the detergent, although some slight irregularities exist in the green-leaf series. Sodium and Fe apparently entered the leaves of the sprayed groups, as they averaged substantially higher for both of these elements. Likewise Na was found to increase with increase in time of detergent washing in the case of chlorotic leaves (the detergent contains Na). Green leaves were not significantly affected in this respect. The chlorotic leaves were significantly higher than the green leaves in N, P, K, and Na and lower in Ca, Mg, Fe, Mn, Cu, and B. Both types of leaves showed the same Al content.
A comparison of the proportion of each of these elements found in the leaves of a healthy Pineapple orange orchard on the same soil type, with the pH maintained above 5.0, can be seen in table III. The samples involved in this case were collected about three weeks later in the same year It is apparent that grinding these samples in the mechanical mill had C.
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10 C- x ¢ little or no influence on the concentration of these elements. The most efficacious washing treatment for the several elements involved is the combination of the detergent and acid. Iron was just as efficiently removed by the detergent alone. Copper and Zn were apparently partiallv removed by acid and partially by the detergent, since each of these removed substantial amounts of these elements and the lowest reproducible level was obtained with the acidulated-detergent washing. It is not possible to conclude, however, that the amounts of these elements remaining after washing are totally within the leaf. Although the proportion of Cu was greatly reduced by the acidulated-detergent wash, it seems unlikely that the remaining Cu was all internal. If so, it is from five to 10 times the concentration usually found in normal, unsprayed citrus leaves (13 Aluminum, under these conditions, did not behave in quite the same way as Fe. The spray appears to have influenced its removal in some way.
The lowest values were obtained with the acidulated-detergent washing treatment.
The external contamination that we are most concerned with comes from colloidal particles, since sprayed leaves are usually avoided for traceelement analysis. Iron, Al, and Cu (perhaps Zn also) apparently are contributed by dust deposits on leaves. In the absence of spray residue, these elements appear to be removed as efficiently by the detergent alone.
Citrus leaves are glabrous and waxy and probably are capable of withstanding a more rigorous washing treatment than would more succulent leaves. It is possible that some mobile elements might be lost by leaching if the leaves become "waterlogged" with the detergent solution. With intact citrus leaves 8 to 10 minutes are required before internal wetting is evident. No evidence of leaching of even such a mobile ion as K has been found in the present studies, with six minutes as the ma2ximum length of time that the leaves were in contact with the washing medium.
By carefully washing leaves of pear, corn, and tobacco in 0.3N HCI, JACOBSON (8) found a relationship between total iron and chlorophyll content. It is apparent from the present work that with citrus the action of a detergent is usually more efficient than acid when the leaves are thoroughly scrubbed on both surfaces.
McGEORGE (11) In connection with a general survey of the composition of orange leaves from different localities, the present authors (12) This wide discrepancy in Fe content along with others, such as the reported values for citrus in Florida (5) and California (3), leads to the suggestion that surface contamination has not received proper attention. Iron also increases with leaf age (15) . In general, it seems possible that conclusions in regard to total Fe and iron-chlorosis and other Fe functions might become more harmonious if greater consideration were given to age of leaves sampled and removal of surface contamination.
From comparison with previous work (3, 12) it would appear that Fe and Ain are both present in inadequate amounts for proper leaf function in the chlorotic leaves grown under highly acid soil conditions. Observations indicate that extensive root damage is associated with this type of tree condition. This would seem to indicate that the availability of either of these elements is not the primary cause of the disorder. The real cause is not yet understood but may be some toxic reaction which damages or kills most of the small feeder roots. Under these conditions Fe and Mn absorption, or translocation, is apparently depressed to the point that the leaves are inadequately supplied.
In regard to the general mineral composition of leaves low in total Fe and showing the iron-chlorosis pattern, the present results show increased K and lowered Ca in comparison with green leaves. Since this has been quite generally found with other plants, CHAPMAN (4) recently predicted that the same relationship would prevail in citrus. He further points out that all other known mineral-nutrient deficiencies that have been examined (except K) induce this same result. Higher N percentage in Fe-chlorotic leaves apparently is not widely recognized with the tree crops, although it was noted in relation to mottle-leaf (zinc deficiency) in California (9) and in leaves with lime-induced chlorosis in Arizona (11) . The increased P and lowered Mg observed in chlorotic leaves in the present study are varia-)tions that were not found in the lime-induced chlorotic citrus leaves iñ Arizona (11 (12) . The deficiency pattern was the same. Therefore, it appears that with the disorders of tree crops called "iron chlorosis" or "lime-induced chlorosis," consideration should be given to manganese as well as to iron nutrition.
Summary
Leaves from orange trees on highly acid soil that were in a chlorotic and unthrifty condition were used as test material for studies on preparation of samples of leaves for analysis. Eleven chemical elements were determined. The various treatments tried for removing surface contamination consisted in wiping both surfaces with moist cheesecloth, scrubbing in tap water, in HCl, in a neutral detergent (Dreft), and in an acidulated detergent solution. The 
